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Description 



[0001] The present invention relates to a polynucleotide compound to be used in a method for forminn « h„K 
[0002] Hybridization with a polynucleotide probe is a well known method for verifying the presence of a t;,rn«t n.iw 

^ocn; ^ J- Sambrook. METHOD S IN EN ZYMDI onv »ni ,1! 

ind P R^^^^^^^^^ Modified Nucleotides And Methods Of Preparin g And Using The Same by dTw ^ A^^^^^^^ 
and P.R. Langer. European Patent Publication Number 0,063.879 published November 3 1982- Dna Prnho , T'^ 
tectious Disease by AJ. Berry and J.B. Pete, Diagnostic Medicine (March 1 984^ ^ and Recom^nant DNA 

i^eXriXp^^^^^^^^ 

[0003]^ The probes general^ comprise a polynucleotide portion and a signalling:moiety portion attached to the nolv 
nucleotide. The polynucleotide portion of the probe has the ability to base-pair, i.e hybridLfdeTa seSenc^ ' 

of^TvS!w"'r r ^'^"^'""^ """^ °' or'^roduces'thl ans by wh^^^^^^^^ 

cimm'o^l f ""'^'^ ^^^"^Pl^. fluorescence, phosphorescence 

chromogen, radioactivity, or electron density. ""(escence, 

lv=°n!^i '?^"'f'^°f °' '^^^^"^'''^ ^ ^'9^^ polynucleotide utilizing a polynucleotide probe is generally carried out for 
example by first isolating a double-stranded polynucleotide comprising a target sequence therein froraTamDrVhe 
thTstmZ P^'y^r'rJ "' .T '^^^ smaller segments by means o'restrLn endonTc lease dScn I d 
a nitrocellulose paper. Alternative^, the double-stranded polynucleotide can be fixed directly on the nKwose wfth 
■ nlT' Po^nucleotides are contacted with a solution coSg rpolS^^^ 

probe and the support heated to about 80-90"C to denature the pofynucleotide double-strands (T^e do Xs^^S^^^^ 
can also be denatured by means of alkali). The sample which now contains both the target XucSide a Tt^e 

polynucleotide probe and the target polynucleotide takes place. After sufficient time has e Jpsed for hybridizat on to 
be complete, which can be for ten minutes to several hours, the fixed target polynucleotide is washed toTmtve lJ 
unbound polynucleotide probes. The signalling moiety portion of the polynucleotfde probe is norfetec ed er^^ 
f^^Xr^z^m^^^^^^^^^ °^ °' — P'- .aans of a l^ge; 

c^be v^rlftr^''^ ? ""'^^'^ P^«^«"" °f target polynucleotide 

can be yer fied. Namely. ,t requires the fixation of the target polynucleotide to a support, the contacting of the taraet 

me sUDrnucTe 1 ac^ """"""" °' ' polynucleotide by means of a homogeneous (or 

stranS odvtl^^^^^^^^^ '""'""^ '^^^"^'^'■"9 ^^^^ -'ond sing e- 

SlotlS t^rnLT^^^ ?^ "9^*-=°"«'«v« '^bels. with a complementary single-stranded polynu- 

f St and s?.«„H°'"^ sarj^ple such that non-radiative energy transfer occurs between the light-sen sith,e labeLf the 
n ralabsoTpHr^T °' light-sensitive labels is of the absorber/emitter type such that 

ZnZT flTl "Sht-sensitive label is reemrtted at a different wavelength. These secondary emissions " 

ha xlTZl t'h "''l^r single-stranded polynucleotLs to the target pofynuc eo"d 

amitLH 1' p ""T"^ °' ^"^9et pofynucleotides in the sample is related to the amount of secondary light 

ro^o^ A H TT, P^l^ish^d January 26. 1981 

[0007] A drawback of this method is that it requires two separate polynucleotide probes to detect the presence of a 

er^^ r moil f "^"'"^ ""^^"^ °' ^ chemiluminescent catalyst, an absorbl/ 

rilnt olT' » c '^agents effecth/e for causing light emission in the presence of the chemilumi- 

i^l,tf K H 'T""^"'"' '^l^^' ''^ a«^ohed per polynucleotide probe because the light-sensith/e 

om I mentis hl° h"'"' ^"f ? °' '^^ ""'^^ '"^V P^«^«"t hybridization of the 

complernentary bases adjacent to the labels. ' ^ 

LTJtlVw?^^ hybrid irrimobilized by its binding to an immobilized or immobilizable form of an antibody reagent 
m^S h™ ? '"f T °' ^ antibody selective for intercalated duplexes. ?his 

Zn^JhZ r ■ ,T ^ '^°"^°9^"^°"^ assay. In addition, the intercalating agent does not provide the signal directly 
upon hybndization of the probe to the target. Furthermore, the intercalating agent is attached directly to a base without 
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a linker arm at positions required for base-pairing. See European Patent Application number 1 46.039 bv J P Albarelia 
et.al., published June 26, 1985. . .uoa oyj.f-. AiDareila 

[0009] US-A-4.547.569 discloses a nucleotide molecule bearing one single intercalating agent. i.e. a phenanthridium 
moiety, joined covalently to the nucleotide phosphate group by a linker whereby the nucleotides are described as beina 
s useful for one-step-hybridization reactions and to prevent transcription /ni^/fro and /nv/Vo. 

[001 0] EP-A-0 1 1 7 777 discloses a nucleotide probe in which.an intercalating dye (an acridine or f urocoumarinel is 
used as a label linked either to the 3' and 5' ends of the probej or to the intemucleotide phosphate groups \ 
• M , u ^r'^'° V^"^ ^ discloses methods for analysis or detection of genetic or biological material in which a chem- 
ically labelled probe and an enzyme component are employed. No change of property in the compound and/or the 
10 complementary target nucleic acid can be obsen/ed. 

[001 2] EP-A-0 097 373 discloses modified nucleic acid probes carrying a signalling moiety, e.g. a fluorescer attached 
to the phosphate, sugar or base moiety, which are used in heterogeneous assays. . ' 

[001 3] Fluorescent intercalating moieties atached to a polynucleotide have been reported in the literature They are 
prepared by reacting the adenine or cytosine bases with a bifunctional reagent such as chloracetaldehyde to produce 
an aromatic tricyclic compound. See "Fluorescent Adenosine and Cytidine Derivatives" by J R Borrio J A Secrist III 
and N.J. Leonard. (1972). B.B.R.S. 46, (2). pp. 597-604, and 'Physical Studies of Choloroacetaldehyde' label led fluo- 
rescent DNA- by C.H. Lee and .J.G. Wetmur, (1973). B.B.R.S. 50 (3), pp. 879-85. This method has a drawback in.that 
the bases converted to fluorescent moieties cannot base-pair, and thus such fluorescent moieties destabilize the hy- 
bridization process. - ■ 

[001 4] The present invention relates to a polynucleotide compound comprising a polynucleotide which comprises at 
least two entities, which upon hybridization to a complementary polynucleotide is capable of generating a change in 
property in said hybrid, detectable in a homogenous reaction, each of said entities being covalently or non-covalently 
attached by means of a linker arm to the base moiety, sugar moiety or phosphate moiety of a nucleotide in said poly- 
nucleotide whereby the entities are attached to nucleotides that are separated from each other by about a stretch of 
ten other nucleotides, with the proviso that compounds where all the entities are bound either to the 5' and/or 3' ends, 
of the compound or to intemucleotide phosphate groups are excluded. 

[001 5] The polynucleotide compound is to be used in a method for forming a hybrid comprising a target polynucleotide 
and the polynucleotide compound. The polynucleotide compound can be used for detecting the presence of a single 
or double-stranded target polynucleotide in a homogeneous, i.e. one-step assay, or for competitively displacing a ho- 
mologous polynucleotide from a target double-stranded polynucleotide or stably binding to a target single-stranded 
polynucleotide to prevent transcription or replication of the target polynucleotide. 

[001 6] The above polynucleotide compound comprises a polynucleotide and at least two entities attached to the 
polynucleotide by means of linker arms. The polynucleotide is able to base-pair or hybridize to a target polynucleotide 
Upon the hybridization per se of the polynucleotide portion of the probe to the target polynucleotide, a change is gen- 
erated in at least one property of either the polynucleotide compound, of the target polynucleotide, or of both wherein 
the fchange constitutes the signal. If the affected property is that of the polynucleotide compound, it can be either that 
of the polynucleotide or that of the entity. 

[0017] When the polynucleotide compound is used to detect the presence of a target polynucleotide by means of 
the change in a property, then the polynucleotide compound serves as a polynucleotide probe. When the polynucleotide 
compound is used to displace a homologous polynucleotide from a double-stranded target polynucleotide or to stably 
bind to a single-stranded target polynucleotide, then the polynucleotide compound setves as a polynucleotide drug. 
[001 8] Preferred polynucleotide compounds comprise at least two moieties having the structure 
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wherein 8 represents a base selected from the group consisting of pyrimidines. purines, and deazapurines. provided 
that whenever B is a pyrimidine, the sugar is attached to the Ni position of the pyrimidine, and whenever B is a purine 
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or deazapurine. the sugar is attached to the N9-position of the purine or deazapurine; 
wherein "Phen" represents any phenanthridine moiety; 

. wherein said LA. is a linlcer arm comprising at least three carbon atoms, and is attached to the 5-position of said 
phenanthridine moiety; and 

wherein Z is either H or 0-. . 

[001 9] Figure 1 depicts the synthesis of an aromatic dye that can be attached to a polynucleotide to form a polynu- 
cleotide compound. ' 

[0020] Figure 2 shows the attachment of the aromatic dye of Fig 1 to (a) a dextran. and (b) a polynucleoide 
[0021] Figure 3 shows the intercalation of an aromatic dye attached to a polynucleotide into a hybrid formed from 
the hybridization of the polynucleotide with a target polynucleotide. 

[0022] It is an object of this invention to provide a polynucleotide probe comprising a polynucleotide and at least two 
entities attached to the polynucleotide, wherein upon the hybridization per se of the polynucleotide to the target poly- 
nucleotide, a change is generated in at least one property of either the polynucletotide compound, of the target poly- 
nucleotide, or of both, wherein the change constitutes the signal. 

[0023] It is an additional object of this invention to provide polynucleotide compounds comprising a polynucleotide 
and at least two fluorescent-emitting entities attached to the polynucleotide, wherein the fluorescent-emitting entities 
show a shift in the emission energy of fluorescence upon intercalation into a polynucleotide hybrid, and wherein the 
fluorescence-emitting entities can substantially intercalate only into a hybrid formed as a result of the hybridization of 
the polynucleotide portion of the polynucleotide compound to the target polynucleotide. 

A. GENERAL DESCRIPTION OF THE POLYNUCLEOTIDE COMPOUND 

[0024] This invention discloses a polynucleotide compound. The polynucleotide compound comprises a polynucle- 
otide portion and at least two entity portions attached to the polynucleotide. The entities should be attached to nucleotide 
moieties which are separated from each other by about a stretch of ten other nucleotide moieties. This is to provide 
target-specifity to the polynucleotide portion, The entity portion has a characteristic which upon the hybridization of the 
polynucleotide portion of the polynucleotide compound to a target polynucleotide, the characteristic enables the gen- 
eration of a change in a property of either the polynucleotide compound or the target polynucleotide in a homogeneous 
reaction. The property change in the polynucleotide compound can be either in the polynucleotide portion or in the 
entity portion. , 

[0025] This property change can be utilized in two ways. One way is to monitor this property change in orderto detect 
the presence of a target polynucleotide. In this instance, the polynucleotide compound is used as a polynucleotide 
probe. A second way is to utilize this property change to either permit the displacement from a target polynucleotide 
of a polynucleotide homologous to that of the polynucleotide portion of the polynucleotide compound, or else to stably 
bind the polynucleotide portion of the polynucleotide compound to a target polynucleotide. In this instance, the poly- 
nucleotide compound is used as a polynuclBotide drug. 

B. DESCRIPTION OF THE POLYNUCLEOTIDE PROBE 
1. GENERAL DESCRIPTION 

[0026] This invention permits the polynucleotide compound to be used as a polynucleotide probe to detect the pres- 
ence of a target polynucleotide in a homogeneous or one-step assay. The polynucleotide probe comprises a polynu- 
cleotide and at least two entities attached to the polynucleotide. The entity has a characteristic, such that upon the 
hybridization of the polynucleotide portion of the polynucleotide probe to the target polynucleotide, the characteristic 
enables the generation of a detectable change in a property of either the polynucleotide probe, the target polynucleotide 
or both. If hybridization between the polynucleotide portion of the polynucleotide probe and the target polynucleotide 
does not in fact occur, then the change in a property is not generated. Thus, the entities permit the detection of a target 
polynucleotide in one-step; an additional step of removing unbound polynucleotide probes from the sample, before 
verification of the presence of the target polynucleotide can be achieved, is not required. , 
[0027] The characteristic of the entity can be. for example, its ability to assume a certain orientation or conformation 
with regard to the polynucleotide probeAarget polynucleotide hybrid. The property change can be one of. for example, 
radiation emission, interaction of molecular dispersion forces, or buoyant density Changes in radiation emission include 
changes in the visible, ultra violet, infrared, fluorescence, phosphorescence, x-ray. or y-ray spectrum of the entity. 
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Changes in interaction of molecular dispersion forces include changes in the melting temperature of the polynucleotide 
probe/target polynucleotide hybrid. 

[0028] The entity can be of any length, size, or shape. It can have attached to it alicyl or aromatic fragments not 
necessary for imparting to it the particular characteristic. Preferably the entity is attached to a linker arm after the 
nucleotide comprising the linker arm is incorporated into the polynucleotide. That is the entity is attached following 
formation of the desired base sequence. This is because the entity is usually a bulky molecule and may make the 
nucleotide a poor substrate for the polymerase enzymes. In addition, the entity may be an inhibitor of the polymerase 
enzymes. 

2. DESCRIPTION OF ONE ENTITY 

[0029] One entity that satisfies the above-described requirements is an intercalating agent. An intercalating agent 
is an agent, which in the presence of double-stranded polynucleotides, can position itself between two adjacent base^ 
pairs in the double-strands, and further interact with the base-pairs of the double-strand. The hybrids can be DNA/ 
DNA. DNA/RNA, or RNA/RNA. The characteristic of the intercalating agent is its intercalating ability into a polynucle- 
otide hybrid. 

[0030] Generally, the intercalating agents are aromatic dyes. These intercalating aromatic dyes have a planar ring 
structure and have distinct fluorescence emission spectra. The fluorescence is indicative of the electron detocalization 
of the intercalating agent, and is affected by the inductive effect of substituent groups attached to the dye and by 
quenching agents. 

[0031] When the aromatic dye is dissolved in an aqueous or aqueous/organic solution, it is believed that the water 
in the solution significantly quenches the fluorescence of the dissolved aromatic dye by rasing the ground^nergy- 
state of the aromatic dye to a level higher than when the dye is in an organic medium. If the aromatic dye intercalates 
into a polynucleotide hybrid, the dye becomes shielded from the water. This is because the hybrid contains a relatively 
hydrophobic interior (the bases) and a hydrophilic exterior (the phosphates). The water thus aggregates at the exterior 
of the hybrid, and not at the interior. Since the fluorescence emission, of the intercalating dye. is no longer quenched 
by the water, the ground-energy-state shifts to a lower energy level, and the result is that the fluorescence emission . 
maximum shifts to a longer wavelength. The fluorescence intensity of the dye upon intercalation is also enhanced 
many-fold. This shift in fluorescence emission and intensity is thus a property change that is generated in the entity, 
only upon the hybridization of the polynucleotide portion of the polynucleotide probe to the target polynucleotide. 
[0032] A single-stranded polynucleotide probe comprising a polynucleotide and at least one intercalating aromatic 
dye attached to the polynucleotide is thus capable of homogeneous or one-step detection of a target polynucleotide. 
Upon hybridization of the polynucleotide portion of this polynucleotide probe to the target polynucleotide to form a 
probe/target polynucleotide hybrid, the aromatic dye intercalates into a groove of the formed probeAarget polynucle- 
otide hybrid in between stacked base-pairs. This intercalation results in a shift in the fluorescence emission and intensity 
of the intercalating agent. Since this shift in fluorescence occurs only if the polynucleotide portion of the polynucleotide 
probe actually becomes hybridized to the target polynucleotide in a sample, the additional step of having to remove 
unbound polynucleotide probes from the sample is not required. Thus, with the simple expediency of measuring the 
fluorescence spectrum of the sample, one can determine whether hybridization has occurred, and thus detect the 
presence of the target polynucleotide. 

[0033] Any fluorescent aromatic dye that can intercalate into a polynucleotide hybrid, and which undergoes a shift 
in fluorescence emission upon intercalation, is suitable with this invention.^Examples of suitable aromatic dyes include, 
but are not limited to, phenanthridines, acridines and anthracylines. Examples of phenanthridines include, but are not 
limited to, ethidium, propidium, butidium, pertidium, dimidium, and phenidium. 

3, DESCRIPTION OF THE POLYNUCLEOTIDE « 



[0034] The polynucleotide portion of the polynucleotide probe should comprise at least about twelve bases to impart 
specificity to the probe. Methods for preparing a polynucleotide that is substantially complementary to a target poly- 
nucleotide are well known in the art. The most commonly used method is that of recombinant DNA and cloning. One 
widely used clone is the Ml 3 phage. Briefly, the method entails (1) cleaving the M13 RF (replicative form) DNA with 
one of the restriction enzymes having a unique recognition sequence in the cloning region (2) ligating the desired 
polynucleotide into the cleaved insertion site (3) transfomning E. coli host cells (4) growing these host cells on nutrient- 
containing plates and selecting the colorless plaques (5) amplifying the phages from single plaques in small cultures 
(6) harvesting the phages from culture supernatant and removing the protein coat by treatment with phenol, and (7) 
precipitating the purified DNA with ethanol. Greater detail can be found in M1 3 CLONING AND SEQUENCING HAND- 
BOOK Published by Amersham Corporation (1983) and in MOLECULAR CLONING by T Maniatis, E.F. Fritsch. and 
J. Sambrook. published by Cold Spring Harbor Laboratory (1 982). 
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[0035] Specific polynucleotides can also be prepared with a DNA Synthesizer Instrument such as one manufactured 
by Applied Biosystems. 850 Lincoln Centre Drive. Fester City. California 94404. using the appropriate nucleotide ore 
cursors. According to the manufacturer, one can prepare polynucleotides of about 120-200 bases with great specificitv 
■ The synthetic schemes involve the use of.phosphoramidites to linktogether predetermined bases. Other manufacturers 
s of polynucleotide synthesizers include Biosearch Inc.. 2980 Kemer Boulevard. San Rafael. CA 94901 and Beckman 
. Instruments. 1050 Page Mill Road. Palo Alto. CA 94304. . anu oecKman 

[0036] A polynucleotide comprising a linker arm or entity at the temninal position can also be prepared by emplovlna 
the enzyme RNA ligase and. for example, the compounds pCp or pUp in which a linker arm or entity Is attached to the 
C or U. The polynucleotides cannot be formed by nick translation, since for this invention the polynucleotide probes 
10 must be single-stranded. r / pi uoo 

4. POLYNUCLEOTIDE PROBE FORM 
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[0037] The entities must permit the generation of a property change only when the polynucleotide portion of the 
polynucleotide probe is hybridized with the target polynucleotide. The entities" must not permit the generation of a 
property change in a hybrid wherein one of the hybrid strands is not that of the polynucleotide target Furthermore the 
target polynucleotide to which the polynucleotide portion of the polynucleotide probe hybridizes to must be one orioi- 
nating from the sample. ^. 

[0038] Thus the polynucleotide probe must be provided to the sample comprising the target polynucleotide only in 
single-stranded form. If the polynucleotide probe is provided to the sample as a double-stranded hybrid and then 
denatured in the sample, the entities will generate a change in a property when this polynucleotide probe hybridizes 
with the polynucleotide to which it was originally hybridized to. This will produce in a false positive result. 
[0039] It is preferable that the polynucleotide probe be an integral strand. That is. a change in a property of either 
the entities or the polynucleotide should be generated by means of the entities upon the hybridization per se of only 
two strands. This permits the detection of a target polynucleotide with only one polynucleotide probe molecule How- 
ever, there may be instances where the polynucleotide probe will comprise two different polynucleotide strands This 
can be. for example, where each polynucleotide strand contains different entities and the two polynucleotide strands 
hybridize to adjacent non-overiapping sequences on the target polynucleotide. The entities of each strand cannot cause 
a change, in a property, but all the entities together, upon hybridization per se. can cause a change in a property. Such 
30 a situation is contemplated as being covered by this invention., 

5. DESCRIPTION OF LINKER ARM 
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[0040] The entity is attached to a polynucleotide by means of a linker arm so that there is minimal steric Interference 
between the entity and the polynucleotide, and so that the entity can have the necessary freedom of movement to 
permit it to achieve the proper orientation or conformation with regard to the polynucleotide probeAarget polynucleotide 
hybrid. The linker arm refers to a fragment in the polynucleotide probe attaching the entity portion to the polynucleotide 
portion. Any atoms in this fragment not essential for the presence of the characteristic in the entity or not part of the 
natural nucleotide is part of the linker arm. 

[0041] The linker arm and/or entity must not substantially interfere with the hybridization of the polynucleotide probe 
to the target polynucleotide. Therefore, the linker, arm and/or entity: (a) should not prevent the base to which it is 
attached from pairing with its complementary base; (b) should not prevent the complexing of the complementary bases, 
so as to prevent the hybridization of the polynucleotide probe to the target polynucleotide; (c) should not interfere with 
strand elongation (unless it is at a terminal position of the polynucleotide sequence); and (d) preferably, should not 
change the conformation of the sugar moieties in the polynucleotide. ' 

[0042] The linker arm is generally attached covalently to the polynucleotide. The attachment is preferably to the base 
moiety, although it can be to the sugar moiety, or the phosphate moiety The base moiety can be either a purine or a 
pyrimidine. As mentioned hereinabove, the attachment of the linker arm to the base moiety should preferably be to a 
position at which the linker arm does not interfere with Watson-Crick pairing of the bases. Suitable positions are. for 
example, positions 5 and 6 of uracil, positions 5.6, and the exocyjic 4-amino of cytosine. positions 7 and 8 of deaza- 
purine. position 8 of guanine, and positions 8 and the exocyclic 6-amino of adenine. Bases containing substituents at 
these positions are therefore not preferred for the attachment of the linker arm to those positions. A preferred linker 
arm for attachment to the base moiety is allylamine. See European Patent Publication No. 0,063,879. by David W^rd 
et al.. published November 3, 1982 which is hereby incorporated by reference. 

[0043] Preferred positions on bases are the 5 and 6 positions of pyrimidines and the 7 position on deazapurines. 
since 8-purine nucleotides are poor substrates for the polymerase enzymes, and the exocyclic amino group of either, 
adenine or cytosine is involved in base-pairing to thymine and uracil, or to guanine respectively Although a substituent 
at an exocyclic amino group of a base does not prevent that base from pairing to its complementary base, the substituent 
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may alter the optimum orientation between the two bases. Preferred pyrimidines are uracil and cytosine. with 5 being 
the preferred position. Preferred purines are deazaadenine and deazaguanine. 

[0044] There are few limitations as to the conditions that can be used for attaching a linker arm to the base moiety 
Thus, any pH range, temperature range, reaction time, solvent, or buffer can be used as long as the functional groups 
on the base are not modified to the extent that the base is prevented from pairing to its complementary base, and as 
long as the base moiety is not cleaved from the sugar moiety. The optimum conditions will depend on the linker arm 
and the base, and can readily be determined by one skilled in the art. 

[0045] The linker arm when attached to a base comprises the group of atoms. attached to the base and to an entity 
The linker arm can be joined to the base moiety by any number of methods, and must Have a first functional group by 
means of which it can be attached to the base. The linker arm must also have a second functional group by means of 
which it can be attached to the entity. The linker arm can be joined to the base or entity by means of a carbon-carbon 

. single bond, carbon-carbon double bond, carbon-nitrogen single bond, carbon-nitrogen double bond, carbon-carbon . 
triple bond, carbon-oxygen single bond, carbon-sulfur single bond, or carbon-silicon single bond. Suitable functional 
groups include but are not limited to carboxylic esters, carboxylic acid halides, carboxylic acid thioesters, imides. imines. 
ketones, aldehydes, epoxides, halides, n-hydroxysuccinimide esters, imidates, anhydrides, Isocyanates. isothiocy- 
anates, and thioesters. ' - 

[0046] It is preferred that the linker arm joined to the base moiety comprise aaolefinic bond at the alpha position 
relative to the base. The presence of such an alpha olefinic bond serves to sterically hold the linker arm away from the 
base and thus minimizes the interference of the linker arm and/or that of the entity with the hybridization process. 
[0047] It is not.necessary that the linker arm be attached to the base as one fragment. The linker arm can be con- 
structed by attaching a first fragment to the base, followed by the attachment of a second fragment to the first fragment. 

-Examples of suitable first fragments are: 

-CH=:CH-CH2-NH-;-CH=:CH-CH2-CH2-S-: 

and 

-CH=CH-CH2-0-CH2-CH2-NH- 
[0048] Examples of suitable second fragments are: 



0 NH^ O O 

^N-O-C-R; R-C-OR; R-C-O-C-R 

N-hydroxysuccinimide imidates anhydrides 
esters 



S 

R-N=C=^S; and R-C-SR 

isothiocyanates thioesters 



[0049] General methods for attaching a linker arm onto a base are discussed in J. L Ruth and D.E. Bergstrom, J. 
Org. Chem., 43, 2870. (1978); D.E. Bergstrom and M.K. Ogawa, J. Amer. chem. Soc. jtOO. 8106, (1978); and C.F. 
Bigge, R Kalaritis, J.R. Deck, and M.P. Mertes. J. Amer. Chem. Soc. 102. 2033 (1980). One preferred method is the 
one disclosed in detail in European Patent Application Number 0,063.379, by David C. Ward, et*al., published in No- 
vember 3, 1 982, which is hereby incorporated by reference. The method involves reacting a linker arm or a linker arm 
fragment containing an alpha vinyl group with a mercurated base in the presence of K2PdGl4, wherein the mercury is 
bound as Hg+ to the position of the base which is to react with the linker arm. The scheme is shown below. 
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[0050] There are no particular size or content limitations for the linker arnn. The linker arm can contain from about 
two carbons to about any number of carbons, as long as the Linker arm parnnits the aromatic dye to intercalate into 
the polynucleotide probe/target polynucleotide hybrid, and does not permit the aromatic dye to intercalate into other 
strands. The linker arm can contain heteroatoms and unsaturations. The linker arm can comprise aliphatic, aiicyclic or 
aromatic moieties. The actual size or content of the linker arm will depend on the entity chosen, and the method by 
which the entity generates a change in a property upon the hybridization per se of the polynucleotide portion of the 
polynucleotide probe to the target polynucleotide. 

[0051] Attachment of the linker arm to the sugar moiety of the polynucleotide sequence can be my means of a Schitf 
base to the V aldehyde following depurjnation or depyrimidation of preselected bases, or it can be to the 2' hydroxy in 
the case when the sucar is ribose. The linker arm when attached to the 1' aldehyde can comprise, for example, an 
amine, hydrazine, or hydrazide functionality. Such a method is disclosed in pending U.S. Patent Application Serial No, 
06/765,288 by Jannjs Stavrianopoulos, filed on August 13, 1985, and assigned to the same assignee which is hereby 
incorporated by reference. Attachment of a linker arm to the phosphate moiety can be by alkylation of the phosphate 
moiety. See U.S. Patent No. 4.469,863 by RO.P.Ts'O and P.S. Miller which is hereby incorporated by reference. 
[0052] When the linker arm is attached to the base moiety, it is preferable to attach it to the base at the nucleoside 
or nucleotide level. This is because the reaction conditions that may be required to attach the linker arm to the base 
may. cause undesirable side reactions to a polynucleotide. Furthermore, attachment at the polynucleotide level may 
give inconsistent and irreproducible yields. Attachment at the nucleoside or nucleotide level permits the modified nu- 
cleoside or nucleotide to first be purified, and then to be incorporated into a polynucleotide. The incorporation can be 
either by cloning, for example, in an Ml 3 vector, or by synthesis with a polynucleotide synthesizer instrument as dis- 
closed hereinabove. 

[0053] In addition, it is preferable that the modified nucleotide be a relatively efficient substrate for the commonly 
-studied nucleic acid polymerases, since a most efficient way of incorporating the modified nucleotide into.a polynucle- 
otide is by means of nucleic acid polymerases, thus, the linker arm should not sterically interfere either with the active 
site on the enzyme or with the complementary base-pairing of the modified nucleotide, Substitution at positions that 
alter normal "anti" nucleoside conformation should also be avoided since such conformational changes usually render 
the modified nucleotide a poor substrate for the polymerase enzymes. 

[0054] When the linker arm is attached to the 1' aldehyde of the sugar, the linker arm must be attached following the 
formation of the polynucleotide portion of the polynucleotide probe. This is because attachment of the sugar requires 
a free aldehyde at the 1 -position of the sugar. The free aldehyde is formed by depurination or depyrimidation. A moiety 
comprising a sugar and phosphate without a base is not a substrate for the polymerase enzymes. Thus, the linker arm 
must be attached by first selectively depurinating or depyrimidating the desired polynucleotide sequence, and then 
attaching the linker arm, to the sugar by means of the aldehyde. When the linker arm is attached to the 2' hydroxy of 
a ribose sugar, the linker arm can be attached at the nucleotide or polynucleotide level. This is because modified 
nucleotides can be incorporated into a polynucleotide by means of a gene-synthesizer instrument. When the linker 
arm is attached to the phosphate, the linker arm must be attached at the nucleoside or nucleotide level so that the 
attachment is not at positions other than the phosphate. 

6. ATTACHMENT OF THE ENTITY 

[0055] The entity can be attached covalently to the linker arm, for example, by means of any of the functional groups 
described above. An example, would be the reaction of an amino, thio. or oxo group on the entity with another functional 
group on the linker arm, such as an isothiocyanate, an epoxide, a carbodiimide, a carboxy lie acid anhydride, a carboxylic 
acid ester, a carboxylic acid chloride, a carboxylic acid, a thioester, an imine, a halogen, a ketone, or an aldehyde. 
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[0056] The entity can also be attached to the linker arm ndn-covalently. for example, by means of a chelator attached 
to the linker am and also to the entity A coordination metal can sandwich the entity and the linker arm to form a 
complex. Preferred chelators include, but are not limited to. ethylenediaminetetraacetic acid (EDTA). diethylenetri- 
aminepentaacetic acid (DTPA) and trans-diaminocylcohexanetetraacetic acid.(DCTA); preferred metals comprise the 
various transition metals, particularly those of the lanthanide metals. Although the attachment of an aromatic dye non- 
covalently to a linker arm is not as stable or as strong as covalent attachment, since this assay is carried out in one- 
step which does not involve many manipulations following the addition of the polynucleotide probe to the sample con- 
taining the target polynucleotide, the electrostatic attraction may provide sufficient bond strength to permit the gener- 
ation of a change in a property This can be the case when the entity is an aromatic dye agent and only the intercalating 
step is required for a change in a property Here the intercalation of the aromatic dye into the formed polynucleotide 
probe/target hybrid can generate a shift in fluorescene emission so that the presence of the target polynucleotide can 
be verified. 

[0057] Varying conditions can be used for attaching an intercalating aromatic dye entity to a linker arm. Generally, 
any pH range from about 4 to about 10. preferably from about 5 to about 8. any temperature from about 20°C to about 
100**C. preferably from about 40*^0 to about 65»C, any solvent, and any buffer or catalyst can be used as long as the 
pH, temperature, solvent, or buffer does not modify any of the groups or moieties of the polynucleotide. Thus, for 
example, reagents or conditions that can depurinate or deaminate the polynucleotide should be avoided. There are 
also relatively few limitations as to reaction times. The optimum pH. temperature, solvent, or reaction time for attaching 
an aromatic dye to a linker arm will depend on the linker arm. the aromatic dye, and the functionalities to be reacted. 
20 The conditions can readily be determined by one skilled in the art. 

[0058] Most intercalating aromatic fluorescent dyes are not soluble in water and thus attachment of the aromatic dye 
to the linker arm of the polynucleotide will require a mixed miscible solvent system, such as a mixture of water with 
either ethanol. methanol, tetrahydrofuran, dioxane. propanol. selected ethers, esters, ketones, amids, glycerin, ace- 
. tone, pyridine, dimethyiformamide, dimethylsulfoxide, and hexamethylphosphoramide. Alternatively a two phase im- 
25 miscible solvent system could be used in which the aromatic dye is dissolved in an organic solvent and the polynucle- 
otide is dissolved in an aqueous solvent. In this instance, the two solvent systems will have to be constantly mixed to 
contact the polynucleotide with the aromatic dye so that they can react. Following their reaction, the polynucleotide 
probe will generally be in the aqueous solution while the aromatic dye will remain in the organic solution.. 
[0059] The stoichiometry of the reactants required for these reactions can vary widely Generally an excess of the 
30 component that is more easily prepared will be used for the attachment of the aromatic dye to the polynucleotide, in 
practice, the amounts will vary depending upon the required reaction conditions, the aromatic dye, the linker arm, and ' 
their reacting functional groups. 

[0060] The intercalating aromatic dye generally will have to be attached to the linker arm after incorporation of the 
nucleotide containing the linker arm into the polynucleotide. This is because most intercalating aromatic dyes inhibit 
polynucleotide synthesis, and thus would prevent the incorporation of a nucleotide to which an aromatic intercalating 
agent is attached into a polynucleotide. 

7. NUMBER OF ENTITIES 

40 [0061] The polynucleotide probe can comprise two entities or more than two entities. The entities can be attached 
at terminal positions or at non-terminal positions of the polynucleotide probe. The entities should be attached to nu- 
cleotides that are separated from each other by about a stretch of ten other nucleotides to as to provide specificity to 
the probe. The greater the number of entities, the more sensitive the polynucleotide probe will be. However, the entities 
should not be present in such numbers that effective hybridization of the polynucleotide portion of the polynucleotide 

45 probe to the target polynucleotide is substantially prevented. The number of"entities that can be attached will depend 
on which moiety the entity is attached to and the length of the polynucleotide, ' 

[0062] Entities that are attached to a particular base moiety are limited to an amount no more than the number of 
that base moiety present in the polynucleotide probe. Entities that are attached to a sugar moiety are limited to an 
amount which doesn't prevent hybridization of the polynucleotide probe to the target polynucleotide, because in this 

50 Instance each entity decreases the number of bases on the probe polynucleotide available for base-pairing. Entities 
that attached to a phosphate moiety are limited to an amount which does not distort the conformation of the sugar and 
base moieties. It is preferable that no more than one entity per four nucleotides be attached to the polynucleotide probe.. 
. [0063] When the entity is an intercalating agent, the linker arm must be of sufficient length and have sufficient flexibility 
to provide freedom of movement to the intercalating agent, so that it can fold inward and become intercalated into the 

55 formed polynucleotide probeAarget polynucleotide hybrid, it is understood that.a linker arm that may be suitable for 
attachment to one position of a base may not be suitable for attachment to another position on the same base or to, 
any position on another base, or for attachment to a position on the sugar or phosphate. For example, since the preferred 
conformation of a nucleotide is the "anti" conformation, an entity attached to a phosphate group, for example, would 
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require a longer linker arm then one attached, for example, to the 5-position of a uridine. Similarly, a linker arm attached 
to a purine which comprises two rings may require a longer linker arm than one attached to a pyrimidine which comprises 
only one ring. 

8. DETECTION OF PROPERTY CHANGES OF INTERCALATING AGENTS 

[0064] Intercalating agents which are aromatic dyes generally can be detected by a shift in their fluorescence emis- 
sion as described hereinabove in the section "Description of one entity". It is not, however, necessary to utilize the 
fluorescence property of intercalating agents, because intercalating agents, upon the hybridization of the polynucleotide 
portion of the polynucleotide probe with a target polynucleotide, cause a change in the T^ or melting temperature of 
the doubte-strand or duplex. The melting temperature refers to the temperature at which a polynucleotide double-strand 
becomes denatured. Denaturation requires the breaking of the hydrogen bonds between paired-bases, and the dena- 
turation temperature is dependent on the base-content of the strands, because G-G bonds are stronger that A-T bonds. 
[0065] The presence of an intercalating agent in a double-strand strengthens the interaction between the individual 
strands so that the temperature required to denature the strands is considerable higher. The extent to which the melting 
temperature is increased will depend on the particular intercalating agents and their quantity For example, it was found 
experimentally that a polynucleotide hybrid of poly A-poly T comprising one phenanthridine intercalating agent per ten 
base-pairs increased the melting temperature of the hybrid by about 25°C. 

..[0068] It is thus possible to use a polynucleotide probe whose entity is a non-fluorescing intercalating agent. One 
can mix the sample comprising the target polynucleotide with the polynucleotide probe, and following sufficient reaction 
time, precipitate the polynucleotides. One can then dissolve the precipitate in a solutipn, heat the solution, and monitor 
the temperature at which an increase in the uv absorbance (hyperchromicity) results. That temperature Is indicative 
of the T^. If upon heating the sample, one obtains two T^^ profiles wherein one profile is at the usual T^^ and the second 
profile is at a higher T^^, then the presence of the target polynucleotide is verified. 

[0067] The changes in the property are generally detected by means of a device, although in some instances eye- 
detection is possible. Examples of devices are mineral light lamps and fluorimeters. Some property changes can be 
detected with a device after the addition of the polynucleotide probe to the sample comprising the target polynucleotide, 
without undue additional experimentation. Other property changes may only be detectable upon further experimental 
manipulations after the addition of the polynucleotide probe to the sample comprising the target polynucleotide. Re- 
gardless, however, of whether further experimental manipulations are required or not, there Is no need to separate 
unbound polynucleotide probes from the sample prior to verifying the presence of the target polynucleotide. 
[0068] One example of the former is where the entity, for example, an intercalating agent, upon hybridization of the 
polynucleotide portion of the polynucleotide probe to the target polynucleotide in a solution, undergoes a shift in its 
fluorescence emission spectrum. In this instance, experimental manipulations are not required after the addition of the 
polynucleotide probe to the sample comprising the target polynucleotide. The. fluorescence of the solution can be 
measured in a fluorimeter and a change in fluorescence emission is indicative of the presence of the target polynucle- 
otide. Another example is where the entity, for example, an intercalating agent, upon hybridization of the polynucleotide 
portion of the polynucleotide probe to the target polynucleotide in a solution, generates a change in the melting tem- 
perature of the polynucleotide hybrid. One need only measure the UV absorbance of the solution in a UV spectropho- 
tometer containing a heating element, and determine the temperature at which a hyperchromic shift occurs. Since in 
each case it is a change in a property which is measured, a high initial background will not substantially interfere with 
the detection process. 

[0069] An example of the latter Is where the entity, for example, an intercalating agent, upon hybridization of the 
polynucleotide portion of the polynucleotide probe to the target polynucleotide in a solution, generates a change in the 
buoyant density of the polynucleotide hybrid by changing the polynucleotide tertiary structure. In this instance, further 
experimental manipulation is required because the solution must first be centrifuged, for example, in cesium chloride, 
before the density and uv measurements of the solution can be carried out. 

[0070] The property change that is generated can be in the polynucleotide probe or in the target polynucleotide. 
When the property change is generated in the polynucleotide probe, the change can be in the entity portion of the 
polynucleotide probe or in the polynucleotide portion of the polynucleotide probe. An example where the change is 
generated in the polynucleotide probe is where a fluorescent intercalating agent is attached to a nucleotide which is 
not at a terminal position of the polynucleotide probe. The intercalating agent intercalates into a hybrid formed from 
the hybridization of the target polynucleotide with the polynucleotide portion of the polynucleotide probe. In this instance, 
the property changed is the fluorescence emission of the entity portion of the polynucleotide probe. 
[0071] An example where the change is generated in the target polynucleotide is where a non-fluorescent interca- 
lating agent is attached to a terminal nucleotide. The intercalating agent is attached to a linker arm by means of which 
it can intercalate into an adjacent hybrid, namely one comprising the target polynucleotide and an adjacent comple- 
mentary polynucleotide which polynucleotide is not that of the polynucleotide probe. Here, the intercalating agent in- 
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creases the T^^ of a hybrid but it does not increase the of the hybrid comprising the probe and. target. However, it 
is the hybridization of the polynucleotide portion of the polynucleotide probe to the target polynucleotide, that enables 
the intercalating agent to intercalate into an adjacent hybrid, and thus to increase the of the adjacent hybrid. There- . 
fore, an increse in Tj^ verifies the presence of the hybrid. In this Instance, the property changed is the thermodynamic 
5 interaction between the target polynucleotide, and the adjacent complementary polynucleotide. 

9. tVIETHOD FOR DETECTING TARGET POLYNUCLEOTIDE 

[0072] The method of this invention using a polynucleotide probe wherein a fluorescent aromatic dye is the entity 

10 can be carried out, for example, by lysing the sample comprising the target polynucleotide in a solution to release the 
target polynucleotide in a solution to release the target polynucleotide from the surrounding membrane. Lysis can be, 
for example, by exposing the sample to sonication, or to a detergent. The polynucleotides can be separated from cell 
debris by centrifugal ion, and purified further by alcohol precipitation, or by dialysis. The polynucleotide probe is then 
added to a solution, containing the target polynucleotide, and the solution allowed to incubate from about 10 minutes 

15 to about 24 hours at a temperature from about 20°C to about 100*0. It is realized that the higher the temperatures, 
the less the time required for hybridization. The solution is then placed in a fluorimeter, and the fluorescence emission 
is measured. A shift in the fluorescence emission spectrum of the aromatic dye from the spectrum obtained when the 
aromatic dye is not intercalated, indicates the presence of the target polynucleotide in the sample. 
[0073] Generally, the target polynucleotide must be rendered in single-stranded form during the hybridization step 

20 . before it can hybridize with the polynucleotide portion of the polynucleotide probe. This can be either by heat or alkali. 
• However, when the entity of the polynucleotide probe is an intercalating agent, the target polynucleotide can be present 
either in single-stranded or double-stranded form. When the target polynucleotide is in double-stranded form, the poly- 
; nucleotide portion of the polynucleotide probe displaces its homologous strand from the target polynucleotide to form 
the polynucleotide probeAarget polynucleotide hybrid. 

25 [0074] It is believed that the reason why this particular polynucleotide probe can be used without first denaturing the 
double-strand comprising the target polynucleotide is that the intercalating agents provide enhanced stability to a dou- 
ble-strand wherein one of the strands comprises the intercalating agents. By way of explanation, assume that a double- 
strand comprises strands "A" and "B", wherein strand "A" comprises the target polynucleotide. Assume also, that a 
polynucleotide probe is comprised of a polynucleotide portion, strand "C", which is complementary to the target poly- 

30 nucleotide in strand "A", and two intercalating agent entities. Assume further, that strand "D" is complementary to the 
target polynucleotide in strand "A". 

[0075] It is known that polynucleotide double-strands or hybrids partially open-up or breathe at intervals. However, 
strand "D" will generally not be able to displace strand "B" at temperatures lower than the T^^ of the double-strand. 
This is because the thermodynamic interaction between strands "A" and "D" is not greater than the thermodynamic 

35 interaction between strands "A" and "B". Even if during a breathing period, wherein strands "A" and "B" should partially 
separate and strand "D" should start to base-pair to strand "A", this base-pairing will be of only short duration. Strand 
"B" which is for the most part hybridized to strand "A" will quickly displace strand "D". Strand "D** will not be able to 
unzipper strand "B" from strand "A" to form a double-strand comprising strands "A" and "D". 
[0076] However, assume a base in strand "C to which an intercalating agent is attached pairs to its complementary 

40 base in strand "A" during a breathing period. When this occurs, the intercalating agent attached to the base will inter- 
calate into adjacent base-pairs. The base in strand "G" to which the other intercalating agent is attached can then also 
pair to its complementary base and the intercalating agent attached to that base will also intercalate into adjacent base- 
pairs. The result is that the two bases of the polynucleotide portion of the polynucleotide probe are paired to bases of 
the target polynucleotide with enhanced stability The remaining bases in between these bases then pair to their com- 

45 plementary bases. The intercalating agents of strand "C" will provide a greater thermodynamic stability between the 
bases of strand "C" which are paired to the bases of strand "A", as compared to the bases of strand "B" which are 
paired to the bases of strand "A". For example, ethidium bromide increases the melting temperature of polynucleotide 
double-strands by about 25°C. See U.B. Le Pecq and C. Paoletti, J.M.B.. (1967) 2^ pp. 87-106). Strand "B" can no 
longer displace strand "C" from strand "A". The net result will be that a portion of strand "B" that had been previously 

so hybridized to strand "A", will be permanently unzippered from strand "A" leaving, instead a double-strand portion 
comprising strands "A" and "C". Thus this single-stranded polynucleotide probe will permit the detection in a sample 
of a target polynucleotide even if the target polynucleotide is not present in single-stranded form. 
[0077] The method can also be used to detect the presence of a target polynucleotide at temperatures at which 
double-strands become denatured. Generally, the detection of a target polynucleotide that is present in double-stranded 

55 torm is carried out by heating the sample comprising the double-strands to a temperature higher than the T|^ of the 
double-strands in the presence of the polynucleotide probe, and cooling the sample to permit the renaturation of the 
polynucleotide probe with the target polynucleotide. However, when the polynucleotide probe comprise fluorescent 
intercalating agent entities, the sample need not be cooled. This is because the intercalating agents stabilize the base- 
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pairs and increases the ol those base-pairs. Thus, when the polynucleotide portion of he PO ynuoleot.de probe 
commences to hybridize with the target polynucleotide, and the intercalating agents intercalate into the formed double- 
suTnd the elevated temperature of the sample is no longer sufficient to denature.this double-strand. ar|d the presence 
of the target polynucleotide can be verified by the change in the fluorescence emission of the intercalating agents. It 
is understood that the elevated tem-perature cannot be higher than the of this double-strand, i.e. one compnsing 
the polynucleotide probe and the target polynucleotide. 

10. TARGET POLYNUCLEOTIDES 

[0078] This method can be used to detect a target polynucleotide, for example, from a microorganisrri, a P'ant cell^ 
or a mammalian cell. The microorganism can be a bacteria, fungus, virus, or yeast. The target polynucleot de can be 
o e matTunfque or a particular pathogenic virus, one that is present in a mutated mammalian gene that results in 
°he prcSuction of a non-functioning protein, or one that imparls antibiotic resistance to a bacteria. For example, rt can 
be onfthtt imparts penicillin resistance m .^..n.nnnccus ovocenes or Neisseria meningitidis; tetracyc ne resistance 
Ij^rp^lr^"^^^^ Candida albicanT^iTdgmonas aeruginosa. Streptococcus pyogenes , or Neisseria goQ: 
orrhrnn- nnrl nmin^n'\r^'=i'^^ rpsi^tance in Mycobacterium tuberculosis . . „ 

S^' ™s approach can be extended to.the diagnosis of genetic disorders. 3uch as tha assemia and sick e ceH 
anem a Th polynucleotide gene whose presence or absence (in the case of thalassemia) is associated with the 
disorde'r can be detected following hybridization with a polynucleotide probe -^^^'^'"aj^f '"^^^'^^^^^ 
rooaol The mapping of genes or their transcripts to specific loci on chromosomes has been a tedious and time 
consumina ocTupSion invoking mainly techniques of cell-fusion and somatic cell genetics. Although in-Mu hybridi- 
zaSon3een e^S^^^ successfully tor mapping single^opy gene sequences in species that undergo chromosome 
porenTatbn suSTasLt of Drosophila. detection of unique sequence genes in most higher eukaryotic chromoson^es 
£i beTn Sremely d fficult. ifTi^Tk^sible. using standard hybridization methods. The necessrty for polynucleotide 
probes of ve^.; specific radioactivity to facilitate autoradiographic localization of the hybridization site also resul s 
fn^aoid radb^^^^^^ of the polynucleotide probe and a concomitant increase in the background no.se of silver 

o manv davs or weeks, even to detect multicopy sequences, such as nbosomal RNA genes or satellite DNA^ S ir^ce 
IrbinaToNA technology has made feasible the molecular cloning of virtually every '^^^^^<'>^\'ZTJ^1 
[n euCoSc cells, rt Would be extremely beneficial to have a ^pid and sensitive method tor mapping the chromosomal 
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5 or deazapurine. the sugar is attached to the N^-position of the purine or deazapurine; 



wherein "Phen" represents any phenanthridine moiety; 
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Wherein said LA is a linker arm comprising at least three carbon atoms, and is attached to the 5-position of said 
. phenanthridine moiety; and 

wherein Z is either H or 0-. 

ro0831 Generally. B will van^ within the sarne oligo- or polynucleotide, being alternatively uracil cytosine. thymine, 
Quanine adenine, deazaaguanine. or deazadenine. Also, in general, the variation will correspond to the ordered se- 
quence oUhe nucleotides comprising the target polynucleotide. It is intended that the structure shown also embrace 
polynucleotides such as poly C. poly U, poly r(A-U). and poly d(A-U). 

11. SYNTHESIS OF A POLYNUCLEOTIDE PROBE 

r00841 An example of the synthesis of such a polynucleotide probe is described hereinbelow in conjunction with 
Figure 1 The poTynucleotide probe comprises the nucleotides dTMP and dUMP. and a butid.um .ntercalat.ng agent. 

Se L d sul HcS. The two exocyclic amino groups were then reacted with ethylchloroformate to form the d,- 
l^Z^co^^n6 This step was necessary because otherwise the prima^ amino groups would covalently react 
w^otht reagents later on to form amides, or secondary and tertiary amines. Such.a reaction wou d prevent h,e 
She?zed entity from intercalating into a hybrid and thus would destroy hs effectiveness as an entity. Th s act is . 
£d on a report tL while the blocking of the B-amino group only of phenanthridium compounds ^-t^^ a" acetyl gr^^ 

r.uJl.ri'^ I w Cozcozan and FE Hahn, Eds. Published by Springer-Verlag.N.Y.. (1975). pp. 141:165. . 

- Lr.ovl amWe The carbonyl of this benzoyl amide upon heating in phosphoroxychlonde reacted with th^ 6-posrt,on 
toTorm the p^^^^^^^^^ derivative. The 5-tertiary amine was then quarternized by reacting .t with 1 .4-d.bro- 
30 ^Z^^^^^ tCbu m d'rK^ative. This was followed by hydrolysis of the diurethane moieties to Qsnera e 5- 
r4^?rmobutvS3 8d^^ 

waspTpar^dbyreactingdextranwithbutadienemonoepoxideinthepresence 

ohenanthridine described above toform a dextran-labeled phenanthridium compound. Spectral analysis of the proouci 
. . TuJ, M S^Sl ^posiJ L ...hcd ..^ .0 prop.™ ,ho po^uc^«a - <-V«^^^^ 

into a double-strand, wherein neither strand was that of the polynucleotide probe. 
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[0092] The purified polynucleotide probe was mixed with a solution containing poIy(dT)-poly<rA) wherein the ratio of 
poly(dT) to poly{rA) was 2:1. The solution fluoresced almost immediately. This verified the fact that a polynucleotide 
probe comprising an intercalating agent can displace an homologous polynucleotide from a double-strand. 

DESCRIPTION OF THE POLYNUCLEOTIDE DRUG 

[0093] This invention permits the polynucleotide composition to be used as a polynucleotide drug. The polynucleotide 
drug is used to prevent the transcription or translation of a target polynucleotide. When the drug is used to prevent 
transcription, the target polynucleotide can be DNA or RN A. When the polynucleotide drug is used to prevent translation, 
the target polynucleotide is messenger RNA. , 
[0094] The polynucleotide drug comprises a polynucleotide and at least two entities attached to the polynucleotide. 
The entities have a characteristic such that when the polynucleotide portion of the polynucleotide drug is hybridized 
to the target polynucleotide, a change is generated in a property of either the polynucleotide probe, the target polynu- 
cleotide, or both. The property changed is the thermodynamic stability of the formed hybrid. This stability prevents the 
displacement of the polynucleotide drug from the target polynucleotide by a polynucleotide homologous to that of the 
polynucleotide of the drug, because a hybrid comprising such a homologous potunucleotide and the target polynucle- 
otide would not be as thermodynamicalty stable as one comprising the polynucleotide of the drug and the target poly- 
nucleotide. The polynucleotide drug is further defined by the appended claims. 

[0095] An example of a suitable polynucleotide drug is one comprising an intercalating agent as the entity As stated 
hereinabove, the presence of an intercalating agent increases the T|^ of a polynucleotide double-strand. Thus, if a 
polynucleotide drug comprising an intercalating agent is mixed with a sample or administered to an organism comprising 
the target polynucleotide, the polynucleotide drug "seeks out" its target polynucleotide. When It finds that target poly- 
nucleotide, even though the target is already hybridized to a complementary polynucleotide, the polynucleotide portion 
of the polynucleotide drug will replace the sequence complementary to the target by reasons stated earlier hereinabove 
in the discussion of the polynucleotide probe. The effect will be to form a double-strand which will not readily become i 
a template for polymerase and transferase enzymes, and thus to shut off transcription or translation of the target 
polynucleotide. 

[0096] This polynucleotide drug has a limitation in that the intercalating agent must be attached to the polynucleotide 
by means of a linker arm which permits the intercalating agent to intercalate only into a double-strand formed as a 
result of the hybridization of the polynucleotide portion of the drug with the target polynucleotide. The intercalating 
agent must not intercalate into other double-strands, so that it inhibits the transcription of translation of other polynu- 
cleotides. 

[0097] This polynucleotide drug has an advantage. Most chemotherapeutic drugs, including intercalating agents 
when administered systemically to a human, become distributed uniformly throughout the body Most of these drugs 
are very toxic. Thus, in addition to exerting a therapeutic effect at target sites, they exert toxic effects at non-target 
sites. Intercalating agents of this invention cannot intercalate into double-strands not comprising the target polynucle- 
otide, and thus, even though the polynucleotide drug is uniformly distributed throughout the body, it will not exert a 
toxic effect except at its target site. 

[0098] The property that is changed need not be detectable, although this could be an advantage at times. However, 
the property changed must enhance the stability of the hybrid comprising the polynucleotide drugAarget polynucleotide 
as compared to a hybrid not comprising the polynucleotide drug. 

[0099] Methods for preparing a polynucleotide drug comprising an intercalating agent have been described herein- 
above in the discussion of the preparation of the polynucleotide probe. These polynucleotide drugs can be administered 
" to a human in an aqueous, neutral solution, 

[0100] The polynucleotide drug must be delivered to the cell by a suitable carrier. The carrier must prevent the poly- 
nucleotide drug from being degraded before it enters the cell, and at the same time must allow the polynucleotide drug 
to diffuse or to be transported through the cell membrane. One preferred method comprises the use of .liposomes, 
[0101] Liposomes are unilamellar or multilamellar lipid vesicles which enclose a three-dimensional space. The mem- 
branes of liposomes are formed by a bimolecular layer of one or more lipid components having polar heads and non- 
polar tails. In an aqueous (or polar) solution, the polar heads of one layer orient outwardly to extend into the aqueous, 
or polar, solutiorl and to form a continuous, outer surface. Unilamellar liposomes have one such bimolecular layer, 
whereas multilamellar vesicles generally have a plurality of substantially concentric bimolecular layers arranged rather 
like an onion. 

[0102] Liposomes are well recognized as useful for encapsulating therapeutic agents, such as cytotoxic drugs or 
other macromolecules capable of modifying cell behaviour, and carrying these agents to in vivo sites. For example. U. 
S. Pat. No. 3,993,754, by Rahman et aL. issued Nov 23, 1976, discloses an improved method of chemotherapy of 
malignant tumors, in which an antitumor drug is encapsulated within liposomes and the liposomes are injected into an 
animal or man. U.S. Pat. No. 4.263,428, by Apple, et aL, issued Apr. 21 , 1 981 . discloses an antitumor drug which may 
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be more effectively delivered to selective celi sites in a mammalian organism by incorporating the drug within uniformly 
sized liposomes. Drug administration via liposomes permits reduced toxicity, altered tissue distribution, increased drug, 
effectiveness, and an improved therapeutic index. 

[0103] A particularly useful method for encapsulating nucleic acids is disclosed U.S. Patent No. 4,515,736 by David 
5 W. Deamer, issued May 7. 1 985. The method involves novel encapsulation in which liposome dispersions are dried in 
the presence of a material to be encapsulated. As drying occurs, the individual liposomes fuse to form multilamellar - 
structures which capture the material between lipid lamellae. Upon rehydration, lipid vesicles form which efficiently 
encapsulate the material. The patent discloses the effective encapsulation of various polynucleotides. 
[0104] The effectiveness of the polynucleotide drug in displacing an homologous polynucleotide from a target poly- 
10 nucleotide will depend on the length of the polynucleotide portion of the polynucleotide drug and on the number of 
intercalating agents attached to the polynucleotide drug. The higher the number of intercalating agents, the more 
effective the polynucleotide portion of the drug will be in a displacing its homologous sequence and the less amount 
of drug required to prevent transcription or translation of the target polynucleotide. Also, the higher the number of 
intercalating agents, the faster the drug will bind to the target. 
T5 [0105] The following examples are by way of demonstration and not by way of limitation. 

EXAMPLE I : . > 

Preparation of 3-Nitroben2ic|ine 

20 

[0106] The procedure followed was basically that of M.S. Lesslie and E.E. Turner, J.C.S., (1934), pp. 1588-92. 
[0107] To 468 mr 95% sulfuric acid, 87 grams of P2O5 were added in portions over a period of 2 hours until all the 
P2O5 was dissolved (P2O5 was added to absorb the water in the sulfuric acid). After the solution had cooled to room 
temperature, 50 grams of benzidine (Fluka Chemical Corp., 255 Oser Avenue, Hauppauge, New York 11788) were 

25 slowly added and the temperature was cooled and maintained between 10-15'*C. 

[0108] Finely ground potassium nitrate (50.5 g) was added to the solution under vigorous stirring over a 30 minute 
period, while the same temperature was maintained. After 60 minutes, the solution was carefully poured into 1500 ml 
water and this aqueous solution was diluted with boiling water to a total of 6 liters, A 10 ml aliquot was removed and 
slowly cooled to obtain some 3-nitrobenzidine sulfate crystals. These crystals were used to seed the remaining solution, 

30 ' which was rapidly cooled to 35°C. The solution was further cooled to 20''C to allow complete precipitation of the 3-ben- 
zidine. Following the completion of crystallization, the 3-nitrobenzidine sulfate was filtered off and collected. Thirty gram 
portions-of the moist salt were ground to a stiff paste with water. Concentrated aqueous ammonia was added to the 
paste, and it was ground further to convert the 3-nitrobenzidine sulfate to free 3-nitrobenzidine. The compound was 
then collected by dissolving it in a dilute ammonia-ethanol solution and pouring the solution into a large volume of 
■ 35 water. The 3-nitrobenzidine precipitated out of the solution. The 46 grams of 3-nitrobenzidine obtained corresponded 
to a yield of 80.4%. 

Preparation of N, N'-blscarbethoxv-3-nitrobenzidine 

40 [0109] Twenty nine grams 3-nitrobenzidine were dissolved in 330 ml ethanot containing 39 ml (36 grams) dimethy- 
aniline. Thirty one grams ethylchloroformate were added to the ethanol solution in portions. The solution was then 
refluxed for 10 minutes after which water was added to precipitate the diurethane derivative. Forty one grams were 
obtained corresponding to a yield of 95%. 

45 Preparation of 3,8-blscarbethoxv-3-amlnobenzldlne 

[011 0] Forty one grams of the diurethane were added to a solution containing 500 ml ethanol and 40 ml glacial acetic 
acid, and the mixture was heated to dissolve the diurethane. The solution was dark brown. The temperature was 
brought to about 30* C, and zinc powder was gradually added to reduce the nitro groups. The end of the reaction was 
so indicated by the disappearance of the brown color. The zinc was filtered off, and the ethanol and acetic acid were 
removed under vacuum. The 3,8-biscarbethoxy-3-aminobenzidine was used for the next step without any further pu- 
rification. 

Preparation of 3,8-biscarbethoxv-6-phenvlphenanthrldlne 

55 

[0111] The procedure followed was adapted from LP Wall, J!C.S., (1947). pp. 67-74. 

[011 2] The 3,8-biscarbethoxy-3-aminobenzidine was dissolved in 100 ml nitrobenzene and the solution was heated 
, to a temperature of 150°C. Ten ml benzoyl chloride were added and the temperature maintained at 150''C until the 



10 
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HCl evolution ceased. After an additional 30 minutes at 150°C, the solution was cooled, and following the addition of 
ethanol the benzoyl derivative crystallized as colorless prisms. The yield was 35 grams corresponding to 72%. 
[0113] The benzoyl derivative was dissolved .in 70 ml phosphorous oxychloride and refluxed for 1 hour until the 
evolution of HCl gas had ceased. The yellow solution was cooled to room temperature and then slowly added to a cold 
dilute ammonia solution to precipitate the phenanthridine. The precipitate was filtered off and dissolved in 200 ml 
absolute ethanol. Ammonia was then added to discharge the orange color. The compound was precipitated out of 
solution by the addition of water. The yield was 21 grams corresponding to 62.5%. 

Preparation of 5-f4'-bromobutvl)-3,8 blscarbethoxv-6-phenvlphenanthridine 



[0114] This compound was prepared by modifying the procedure of T.T. Watkins, J.C.S., (1952). pp. 3059-3064. 
[0115] One gram of the 3.8-biscarbethoxy-6-phenylphenanthndine was added to 10 ml of 1 ,4-dibromobutane that 
had been preheated to 100'C, so that any water in the mixed solution would evaporate off. The temperature was 
gradually raised to 1 50°C. After 30 minutes at 1 50°C, a yellow precipitate began to form. The mixture was then cooled 
75 to room temperature, and ether was added to a total volume of 100 ml to enhance the precipitation. The precipitate 
was filtered off. washed with ether, and air dried. A total of O.B grams of compound was obtained corresponding to a 
yield of 58%. - ^ 

[0116] The duration of the heating at 150"* was important, because in a parallel experiment where the mixture was 
kept at 150°C for overnight, the resulting product appeared very inhomogeneous and showed very little fluorescence 
20 with double-stranded DN A after hydrolysis of the urethane with sulfuric acid. (See the Watkins article on page 3061). 
This indicated that the compound had decomposed. 

Preparation of 5-(4'-bromobutvn-3,8rdiamino-6-phenv! phenanthridine 

25 [0117] Hydrolysis of the urethane moieties were carried out according to the procedure of LP. Wall, J.C.S.. (1947) 
r pp. 67-74. 

[Oil 8] Eight hundred mg of the 3,8-biscarbethoxy-3-aminobenzidine were dissolved in 10 ml concentrated H2SO4 
under argon gas. After the HBr evolution ceased, five ml H2O was added and the bath.temperature raised to 150*»C. 
The solution was maintained at this temperature for 15 minutes until all the evolution of the CO2 gas had ceased. The 

30 mixture was then cooled to 5-1 0°C, and cold H^O was added to give a total volume of 150 ml. The solution was 
■ neutralized with cold dilute ammonia. Solid potassium bromide to give 1M was added to the solution (to salt out the 
product), and the solution was permitted to remain at 4*C overnight. After this period, a precipitate formed which had 
a permanganate-like crystalline appearance. It was found that the product could also be readily precipitated out of the 
solution as the ammonium sulfate salt. This product was soluble in water and when mixed with a solution containing 

35 double-stranded DMA. resulted in the formation of a strongly fluorescent solution. The 547 mg obtained corresponded 
to a yield of 89%. ' 

Preparation of 5-(4'-thlobutvn-3,8-dramlno-6-phenvlphenanthr[dine 

40 [011 9] Sixty mg of 5-(4'-bromobutyl)-3,8-diamino-6-phenyl phenanthridine were dissolved in 4 ml 50% ethanol. One 
mi of 0 2M NapSaOa in 50% ethanol was added and the solution heated for 3 hours at 80^ C. The ethanol was evaporated 
with bubbling argon gas at 70°C and the product precipitated with 2 ml 3M KCL The precipitate was collected by 
centrifugation and dissolved in 1 ml 36% HCl. Water (0.35 ml) was added to lower the HCl concentration to 25% and 
the solution was left at room temperature for 20 hours. A precipitate had formed after this time. Six ml of absolute 

4S ethanol were added and the mixture was left at -20°C for an additional 20 hours to enhance the precipitation. The 
precipitate was collected by centrifugation. suspended in 1 ml HgO and the water removed by lyophilization. The yield 
was 42.5 mg corresponding to 70%. Crude thin layer chrornatography showed the presence of 3 fluorescent products. 
The desired product was not purified before use for the next reaction. 

so Preparation of amlnodextrans 

[0120] 1 07 grams of dextran T-500 (Pharmacia Biochemicals. Piscataway. New Jersey), was added to 15.0, ml of 
1M KOH Three hundred ul butadiene monoepoxide (about 3 mmol) and 30mg sodium borohydride (catalyst) were 
then added and the mixture was stirred overnight. The solution was neutralized with HCl. and the excess unreacted 
55 butadiene monoepoxide and the dialcohol generated therefrom were extracted four times from the solution with 20 ml 
ether. The ether remaining in the aqueous solution was evaporated off by bubbling argon gas through the solution. 
The' solution was then dialyzed against 0.2 M sodium acetate, pH 5.0 to remove the salts. _ 
[0121] N-bromosuccinimide, 0.5 grams, were then added to the solution and the resulting suspension stirred for 3 
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hours at lO'C in the dark. The solution was dialyzed three times against 1 liter of water over a two day period. Two 
hundred ul of 1 M KgHCOg and 1 00 mg cysteamine were added to 0.4 mi of the dialyzate, the mixture was heated under 
argon at 80*C tor 2 hours, and the solution was desalted by G-50 filtration. The purified dextran contained one deri- 
vatized sugar per 20 sugar moieties. 

.5 

Preparation of bromoacetyiated aminodextrans 

[0122] A 0.5 ml solution. containing 0.02M sodium borate and eight and one-half mg aminodextran. was mixed with 
0.2 ml dimethylformamide and 25 u! of 1M bromoacetic acid N-hydroxy succinimide ester in DMSO. The reaction was 
10 followed by measuring the amino content with picryisuifonic acid {this reagent gives an orange color with primary amino 
groups). It was found that the reaction was complete after 5 minutes at room temperature. Fifty ul of 1.0M HCI were 
added to the mixture and the excess of unreacted ester and the generated bromoacetic acid were extracted 4X with 
water-saturated 1-butanoL 

[01 23] The bromoacetyiated dextrans are not very stable, especially at a basic pH. For example, at pH 9.2 and 37'*C, 
15 all the bromoacetyl groups were cleaved after six hours. Thus, the next reaction should be carried out as soon as 
possible following isolation of the bromoacetyiated dextran. 

\ > ' 

Preparation of phenanthrldine-labeied dextran 

20 [0124] Two and one-half mg bromoacetyiated dextran were dissolved in 200 ul of aqueous 0.3M sodium acetate, 
and then mixed with 3.5 mg 5-(4'-thiobutyl)-3,8-diamino-6-phenylphenanthridine in 6 ml formamide. The reaction mix- 
ture was allowed to remain for 1 hour at room temperature and then for 1 hour at 37°C, One ml 2M NaCl was added 
and the unreacted 5-(4'-thiobutyl)-3. B-diamino-S-phenylphenanthridine was extracted 6X with water-saturated 1 -bu- 
tano!. The addition of double-stranded DNA to an aliquot of the aqueous phase resulted in a strong fluorescence 

25 indicating that the dextran was labeled with phenanthridine, and that the phenanthridine moieties on the dextran were 
accessible for intercalation. . 

Preparation of polvfdTVpolvfAAdU) 

30 [0125] Solution A was prepared containing: 2500 ul0.25Mcacodylate buffer pH 7.2, 250 ulBSA(DNAase free, 20ug/^ 
ml), 50 ul 0.1M CoClg. and 75 ul 3M NaCI. Solution B was prepared containing 1500 ul HgO and 50 ul of 0.1M B 
mercaptoethanol. 

[01 26] Solution A was mixed with Solution B. and 800 units of terminal transferase enzyme, 5 umoles of TTP (low 
specific activity), and 1.5 umoles AAdUTP were added to the mixed solution. The solution was incubated at 37''C for 
35 40 hours under argon. During the course of the reaction, cobalt pyrophosphate precipitated from the solution. After 40 
hours, the reaction was stopped by the addition of 100 ul 0.5M EDTA. Incubation at 37*C was continued, however, for 
2 more hours to allow the EDTA to complex to and remove the cobaltions that had become complexed to the allylamino 
groups. 

[0127] A DEAE cellulose column of 0.6 ml bed volume in a siliconated pasteur pipette was washed twice with 2 ml 
40 1 M KOH and then with water until alkaline free. The column was then washed with 2 ml 3M NaCl, followed by 3 ml 
HgO, and 2 ml 0.2M NaCl. The incubation mixture was then loaded onto the column, and the column was washed 
sequentially with 2 ml of 0.2M NaCl and 3 ml 0.3M NaCl. The last eluate of the 0.3M wash contained a few percent of 
the total counts. 

[01 28] The copolymer was eluted off the column with a solution containing 1 .5M LiCl in 0.2M acetic acid. Two-tenths 
. 45 ml fractions were collected. The results are shown below: 



Fractions 


Counts per min. (2 ul aliquots) 


1 


40 


2 


86 ■ 


3 


34516 


4 


6124 


5 


1858 


6 


953 



55 

[0129] Fractions 3-5 were pooled to give a volume of 0.6 ml. Ten ul of this solution was diluted to a volume of 1 ml. 
The A260 of this 1 ml was 0.645 and the A290 was 0.203. The absorbance at 290 nm indicated the presence of the 
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allyamino groups. The total A260 was 38.7 corresponding to about 1 .5 mg of the copolymer. 
[0130] The ratio of 1:10 of the AAdU to dT was determined by reacting the copolymer with picrylsulfonic acid. Dis- 
placement of the sulfonic group by the amino group of the allylamine imparted a yellow color to the copolymer. 
[0131] The measurement of the solution at 420 nm indicated that the ratio of AAdU to dU was 1:10. (It was assumed , . . 
that every allylamine reacted with a picrylsulfonic acid molecule), 

Preparation of polynucieotide-labeled phenanthrldlne 

[01 32] A solution containing 200 ug of the poly{dT). poly(AAdU) copolymer in 1 00 ul of 1 .5M LiCI and 0.2M acetic 
acid was brought to about pH B.O with 3M KgCOg. Three mg of the thioalkylated phenanthridine that had been dissolved 
in 0.6 ml formamide were then added. The mixture was left in the dark for about 90 minutes at room temperature and 
for an additional 45 minutes at 37'C. One ml HgO was added and the excess thioalkylated phenanthridine removed • 
by extraction with 1 -butanol until the volume of the aqueous phase was reduced to about 300 ul. Additional extractions 
were then carried but with 1 -butanol saturated with water. After each extraction, the two phases were separated by 
centrifugation A precipitate appeared after the first 1 -butanol extraction. The precipitate contained the labeled poly- 
nucleotide and some insoluble phenanthridine side-product. After the last extraction, the material was centrif uged. and 
the pellet was dissolved in formamide at a temperature of 37°C. . ' 

[0133] The solution was loaded onto a DEAE cellulose column (chloride form) equilibrated with formamide. The 
column was washed with formamide to elute the phenanthridine compounds. The phenanthridine-labeled polynucle- 
otide was eluted with 1 .1 M LiCI in 75:25 formamide: water. For reasons not entirely clear some of the phenanthridine- 
labeled polynucleotide did not elute off the column even at the higher salt concentration. (To increase the yield, the 
polynucleotide could be collected by precipitating it with barium acetate in methanol, collecting the precipitate by cen- 
trifugation and dissolving the precipitate in EDTA^aO. The EDTA complexes the barium and facilitates solution of the 
precipitate.) - 

Detection of Fluorescence 

[0134] Twenty-five ul of the DEAE eluate containing the phenanthridine-labeled polynucleotide were added to (1) a 
tube containing 1 0 ug poly(rA) in 0.6 ml 0. 1 M NaCI. (2) to a tube containing 250 ug calf thymus DN A in 0.6 rril 0. 1M 
NaCI, and (3) to a tube containing poly(dT) in 0.6ml 0.1 M NaCl. The tube with the poly(rA) fluoresced strongly while 
the other two tubes showed only very weak fluorescence. 

[0135] The results of this experiment show that this phenanthridine-labeled polynucleotide can be used as a probe 
in a one step hybridization assay, because this phenanthridine. when attached as described above to a polynucleotide, 
does not intercalate. into other intact double-stranded polynucleotides. It only intercalates into double-stranded poly- 
nucleotides formed as a result of the hybridization of the polynucleotide portion of the phenanthridine-labeled polynu- 
cleotide with a complementary polynucleotide. 

Displacement of a polvnucleotide from double -stranded DNA with a phenanthrlriine-lnbeled polynucleotide- 

[0136] A solution containing poly(dT)-poly(rA) with a ratio of poly(dT) to poly(rA) of 2:1 was mixed with the phen- 
anthridine-labeled poly(dT)-poly(AAdU) at room temperature. The solution began^to fluoresce also irrimediately and 
the intensity of this fluorescence increased with time. Since the phenanthridine of the phenathridine-labeled poly(dT)- 
poly(AAdU) does not intercalate into double-stranded calf thymus DNA (see results above), the generation of fluores- 
cence showed that the phenanthridine-labeled polynucleotide had displaced its homologous polynucleotide in the dou- 
ble-stranded hybrid. 



Claims 



Polynucleotide compound comprising a polynucleotide which comprises at least two entities, which upon hybnd- 
ization to a complementary polynucleotide is capable of generating a change in property in said hybrid, detectable 
in a homogenous reaction, each of said entities being covalently or non-covalently attached by means of a linker 
arm to the base moiety, sugar moiety or phosphate moiety of a nucleotide in said polynucleotide whereby the 
entities are attached to nucleotides that are separated from each other by about a stretch of ten other nucleotides 
with the proviso that compounds where all the entities are bound either to the 5' and/or 3' ends of the compound 
or to internucleotide phosphate groups are excluded. 

The compound of claim 1 wherein said polynucleotide comprises a deoxyribonucleotide or a ribonucleotide. 
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3. The. compound of claim 1 wherein said detectable change in property in the hybrid is in said compound, said 
complementary target polynucleotide, or both. 

4. The compound of claim 3 wherein said detectable change in said compound is in the polynucleotide portion or in 
the entity portion, or both. 

5. The compound of claim 1 wherein said entity or said entities comprise an intercalating agent. 

6. The compound of claim 1 wherein said entity or said entities comprise an aromatic dye. 

7. The compound of claim 6 wherein said aromatic dye is selected from the group consisting of phenanthridines, 
acridines and anthracyclines. 

8. The compound of claim 7 wherein said phenanthridine is selected from the group consisting of ethidium, propidium, 
dimidium and phenidium. '"^ ' - 

9. The compound of claim 1 wherein said entity or said entitles are capable of generating a detectable signal. 

10. The compound of claim 1 wherein said entity or said entities are capable of generating a shift in emission energy 

11. The compound of claim 10 wherein said emission comprises fluorescence. 

12. The compound of claim 1 wherein said entity or said entities are capable of increasing thermodynamic stability of 
any hybrid fomned between said compound and a complementary target polynucleotide. 

13. The compound of claim 1 wherein said purine is adenine or guanine, and wherein sai^j linker arm or said linker 
arms are attached at the 8 or exocyclic 6-amino position when said purine is adenine, or at the 8-position when 
said purine is guanine. 

14. The compound of claim 1 wherein said base is a deazapurine, and wherein said linker arm or said linker arms are 
attached at the 7 or 8- position. 

15. The compound of claim 1 wherein said pyrimidine is uracil or cytosine. and wherein said linker arm or said linker 
• arms are attached at the 5 or 6-position when said pyrimidine is uracil, or at the 5, 6 or exocyclic 4-amino position 

when said pyrimidine is cytosine. 

16. The compound of claim 1 wherein said linker arm or said linker arms comprise at least 3 carbon atoms. 

17. The compound of claim 16 wherein said linker arm or said linker arms comprise a double bond at an alpha (3) 
position relative to the base nnoiety. 

18. The compound of claim 17 wherein said linker arm or said linker amns ar^ selected from the group consisting of 

-CH=CH-CH2-NH-. 

-CH=CH-CH2-CH2-S-. 

and ^ , . ; 

.CH=CH-CH2-0-CH2-CH2-NH-. 

19. The compound of claim 18 wherein said linker arm or said linker arms comprise allylamine (-CH=CH-CH2-NH-). 

20. The compound of claim 1 wherein said linker arm or said linker arms are attached to said sugar moiety at the 
1 -position when the sugar is deoxyribose or at the 1- or 2-position when the sugar is ribose. 
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21 . The compound of claim 1 wherein said linker arm or said linker arms are attached to said phosphate moiety. 

22. The compound of claim 1 wherein at least one entity is attached to a terminal nucleotide. _ 

23. The compound of claim 6 wherein said aromatic dye is attached covalently to said linker arm or said linker arms. 

24. The compound of claim 6 wherein said aromatic dye is attached noncovalentiy to said linker arm or said linker arms. 

25. The compound of claim 24 wherein said aromatic dye comprises a first chelating agent and said linker arm or said 
linker arms comprise a second chelating agent, and wherein said aromatic dye is attached noncovalentiy to said 
linker arm or said linker arms by means of a transition metai complexed to said first and second chelating agents. 

Patentanspruche 

1. Polynucleotidverbindung, die ein Polynucleotid umfaBt. das mindestens zwei Einheiten umfa3t. die nach Hybridi- ; 
sierung mit einem komptementaren Polynucleotid eine Veranderung in den Eigenschaften dieses Hybrids bewirken 
kann. die in einer homogenen Reaktion nachweisbar ist, wobei jede dieser Einheiten kovalent oder nicht-kovaient 
durch einen Verbindungsarm mit der Baseneinheit. der Zuckereinheit oder der Phosphateinheit eines Nucleotids 

in diesem Polynucleotid verbunden ist, wobei die Einheiten an Nucleotide gebunden sind. die durch einen Bereich 
von etwa 10 anderen Nucleotiden voneinander getrennt sind. mit der Ma3gabe. da3 Verbindungen, bei denen alle 
Einheiten entweder an die 5'- und/oder 3'-Enden der Verbindungen oder an Intemucleotidphosphatgruppen ge- 
bunden sind, ausgeschlossen sind, 

2. Verbindung nach Anspruch 1. wobei das Polynucleotid ein Desoxyribonucleotid oder Ribonucieotid umfaBt. 

3. Verbindung nach Anspruch 1 , wobei die nachweisbare Veranderung in der Eigenschaft des Hybrids in der Verbin- 
dung, dem komplementaren Ziel-Polynucleotid oder in beiden erfolgt 

4. Verbindung nach Anspruch 3. wobei die nachweisbare Veranderung in dieser Verbindung in dem Polynucleotidteil 
Oder in dem Einheitenteil oder in beiden erfolgt. 

5. Verbindung nach Anspruch 1 . wobei die Einheit oder die Einheiten ein Einlagerungsniittel umfassen. 

6. Verbindung nach Anspruch 1 , wobei diese Einheit oder diese Einheiten einen aromatischen Farbstoff umfassen. 

7. Verbindung nach Anspruch 6, wobei dieser aromatische Farbstoff ausgewahit ist aus Phenanthridinen. Acridinen 
und Anthracyclinen. 

• 8. Verbindung nach Anspruch 7. wobei das Phenanthridin ausgewahit ist aus Ethidium. Propidium, Dimidium Mnd 
Phenldium. 

9. Verbindung nach Anspruch 1 . wobei die Einheit oder die Einheiten fahig sind. ein nachweisbares Signal zu erzeu- 
gen. 

10. Verbindung nach Anspruch 1. wobei die Einheit oder die Einheiten fahig sind. eine Verschiebung der Emissions- 
energie zu erzeugen. 

11. Verbindung nach Anspruch 10. wobei die Emission Fiuoreszenz umfaBt. . 

12 Verbindung nach Anspruch 1, wobei die Einheit oder die Einheiten fahig sind. die thermodynamische Stalsilitat 
eines beliebigen Hybrids zu erhohen. das sich zwischen der Verbindung und, einem komplementaren Zielpolynu- 
cleotid gebildet hat. 

13 Verbindung nach Anspruch 1 . wobei das Purin Adenin oder Guanin ist. und wobei der Verbindungsarm oder die 
Verbindungsarme gebunden sind an die 8- oder exocyclische 6-Aminoposition. wenn das Punn Adenin ist. oder 
an die 8-Position, wenn das Purin Guanin ist 
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14. Verbindung nach Anspruch 1 , wobei die Base ein Deazapurin ist und wobei der Verbindungsarm oder die Verbin- 
dungsarme an die?: Oder 8-position gebunden sind. \ 

15. Verbindung nach Anspruch 1 , wobei das Pyrimidin Uracil oder Cytosin ist, und wobei der Verbindungsarm oder 
die Verbindungsarme gebunden sind an die 5- oder 6-Posrtion, wenn das Pyrimidin Uracil ist, oder an die 5-, 6- 
oder exocyclische 4-Aminoposition, wenn das Pyrimidin Cytosin ist. . 

16. Verbindung nach Anspruch 1 , wobei der Verbindungsarm oder die. Verbindungsarme mindestens drei Kohlenstoff- 
atome umfassen. 

17. Verbindung nach Anspruch 16, wobei der Verbindungsarm oder die Verbindungsarme eine Doppelbindung an 
einer alpha {a)-Position bezogen auf die Baseneinheit umfassen. 

18. Verbindung nach Anspruch 17, wobei der Verbindungsarm oder die Verbindungsarme ausgewahlt sind aus 

.-CH=CH-CH2-NH-. 

-CHrrCH-CHg-CH^-S-, 

und 

-CH=CH-CH2-0-CH2-CH2-NH-. 

.19. Verbindung nach Anspruch 18, wobei der Verbindungsarm oder die Verbindungsarme Allyiamin (-CH=CH-CH2- 
NIH-) umfassen. 

20. Verbindung nach Anspruch 1, wobei der Verbindungsarm oder die Verbindungsarme gebunden sind an die Zuk- 
kereinheit an der 1 -Position, wenn der Zucker Desoxyribose ist, oder an die 1- oder 2-Position, wenn der Zucker 
Ribose ist. 

21. Verbindung nach Anspruch 1, wobei der Verbindungsarm oder die Verbindungsarme an die Phosphaleinheit ge- 
bunden sind. 

22. Verbindung nach Anspruch 1 , wobei mindestens eine Einheit an das terminate Nucleotid gebunden ist. 

23. Verbindung nach Anspruch 6, wobei der aromatische Farbstoff kovalent an den Verbindungsarm oder die Verbin- 
dungsarme gebunden ist, 

24. Verbindung nach Anspruch 6, wobei der aromatische Farbstoff nicht-kovalent an den Verbindungsarm oder die 
.Verbindungsarme gebunden ist. 

25. Verbindung nach Anspruch 24, wobei der aromatische Farbstoff einen ersten Chelatbildner umfaBt und der Ver- 
bindungsarm Oder die Verbindungsarme einen zweiten Chelatbildner umfassen, und wobei der aromatische Farb- 
stoff nicht-kovalent an den Verbindungsarm oder an die Verbindungsarme uber ein Obergangsmetal! gebunden 
ist, das mit dem ersten und zweiten Chelatbildner kompiexiert ist. 

Revendications 

1. • Compost polynucl^otidique comprenant un polynucleotide qui comprend au moins deux entit6s, qui apres hybri- 
dati9n k un polynucleotide complementaire est capable de produire un changement des propri^tes dudit hybride, 
pouvant etre detects dans une reaction homogene, chacune desdites entit§s 6tant tiee par liaison covalente ou 
par une liaison non-covalente, au moyen d'un bras de liaison, au fragment de base, fragment sucre ou fragment 
phosphate d'un nucleotide dans ledit polynucleotide, les entit6s etant fixees aux nucleotides qui sont separes les 
'^uns des autres par un segment d'environ dix autres nucleotides, h la condition d'exclure les composes dans les- 
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queis toules les entites sont liees k Textremit^ 5' et/ou k Textr^mit^ 3' du compos6,ou k des groupes phosphates 
internucleotidiques. 

2. Compost salon la revendication 1, dans lequel ledit polynucleotide comprend un desoxyribonucl6otide ou un ri- 
5 bonucleotide. 

3. Compose selon la revendication 1 , dans lequel ledit changement detectable des propri§tes de i'hybride a lieu dans 
ledit compost, ledit polynucleotide cible complementaire, ou les deux. 

10 4. Compost seldn la revendication 3, dans lequel ledit changement detectable dans ledit compose a lieu dans la 
portion polynucl^otidique ou dans la portion entite ou dans les deux. 

5. Compose selon la revendication 1, dans lequel ladite entite ou lesdites entites comprehnent un agent d'intercala- 
tion. 

15 

6. .Compose selon la revendication 1, dans lequel ladite entite ou lesdites entites comprennent un colorant aromati- 
que. ■ ' . ^ ■ 

7. Compose selon la revendication 6, dans lequel ledit colorant aromatique est choisi dans le groupe comprenant 
20 les phenanthridines, les acridines et les anthracyclines. 

8. Compose selon la revendication 7, dans lequel tadite ph6nanthridine est choisie dans le groupe comprenant rethi- 
dium. le propidium, le dimidium et le phenidium. 

25 9. Compose selon la revendication 1 , dans lequel ladite entite ou lesdrtes entites sont capables de produire un signal 
detectable. 

10. Compose selon la revendication 1 , dans lequel ladite entite ou lesdites entites sont capables de produire un de- 
placement de renergie d'emission. 

30 

11. Compose selon la revendication 10, dans lequel ladite emission comprend une fluorescence. 

12. Compose selon la revendication 1, dans lequel ladite entite ou lesdites entites sont capables d'augmeriter ta sta- 
bilite thermodynamique d'un hybride quelconque torme entre ledit compose et un polynucleotide cible compie- 

35 mentaire. 

13. Compose selon la revendication 1, dans lequel ladite purine est I'adenine ou la guanine, et dans lequel ledit bras 
de liaison ou lesdits bras de liaison sont fixes sur la position 8 ou 6-amino exocyclique quand ladite purine est 
Tadenine. ou sur la position 8 quand ladite purine est la guanine. 

40 

14. Compose selon la revendication 1 , dans lequel ladite base est une deazapurine, et dans lequel ledit bras de liaisori 
ou lesdits bras de liaison sont fixes & la position 7 ou 8. 

15. Compose selon la revendication 1, dans lequel ladite pyrimidine est I'uracile ou la cytosine, et dans lequel ledit 
45 bras de liaison ou lesdits bras de liaison sont fixes sur la position 5 ou 5 quand ladite pyrimidine est Turacile, ou 

sur les positions 5, 6. ou 4-amino exocyclique, quand ladite pyrimidine est la cytosine. 

16. Compose selon la revendication 1. dans lequel ledit bras de liaison ou lesdits bras de liaison comprennent au 
moins 3 atomes de carbone. 

so 

17. Compose selon la revendication 16, dans lequel ledit bras de liaison ou lesdits bras de liaison comprennent une 
double liaison sur la position alpha (a) par rapport au fragment de base. 

18. Compose selon la revendication 17, dans lequel ledit bras de liaison ou lesdits bras de liaison sont choisis dans 
55 le groupe comprenant : 

-CH^CH-CHg-NH-. . 
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■CH=CH-CH2-CH2-S-, 

■ et ^ 

-CH=CH-CH2-0-CH2-CH2-NH-. 

19. Compost selon la revendication 18, dans lequel ledit bras de liaison ou lesdits bras de liaison comprennent I'al- 
70 lylamine (-CH-CH-CH2-NH-). 

20. Compost selon la revendication 1, dans lequel ledit bras de liaison, ou lesdits bras de liaison sont fix^s audit 
fragment sucre sur la position 1 quand le sucre est le desoxyribose ou sur la position 1 ou 2'quand le sucre est ie 
ribose. 

75 

21. Compose, selon la revendication 1, dans lequel ledit bras de liaison ou lesdits bras de liaison sont flx6s audit 
fragment phosphate. . ^ 

Compos6. selon la revendication 1 . dans lequel au moins une entity est fixee h un nucleotide terminal. 

Compose selon la revendication 6, dans lequel ledit colorant aromatique est U par liaison covalente audit bras 
de liaison ou auxdits bras de liaison. 

24. Compose selon la revendication 6, dans lequel ledit colorant aromatique est fix6 par une liaison non-covalente 
25 audit bras de liaison ou auxdits bras de liaison. 

Compost selon la revendication 24, dans lequel ledit colorant aromatique comprend un premier agent chelatant. 
et ledit bras de liaison ou lesdits bras de liaison comprennent un deuxieme agent ch6Iatant. et dans lequel ledit 
colorant aromatique est lie par liaison non-covalente audit bras de liaison ou auxdits bras de liaison au moyen 
d'un metal de transition complexe auxdits premier et deuxieme agents chelatants. 
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